Objectives. In a population of seniors served by urban primary care centers, we evaluated the effect of the practice-based intervention on influenza immunization rates and disparities in vaccination rates by race/ethnicity and insurance status.
During the period from 1990-1991 to 1998-1999, the annual estimated U.S. seasonal influenza-associated deaths averaged about 36,000, and 90% of these deaths occurred in people aged 65 years or older. 1 Approximately 200,000 influenza-associated hospitalizations also occurred, with a large proportion among seniors. 2 The average annual U.S. cost for pneumonia and influenza-related hospitalizations exceeds $370 million. 3 Despite the substantial disease burden from influenza, reported vaccination coverage was 67.2% for people aged $65 years, which was consistent with previous studies that have found no significant increases in vaccination coverage over previous seasons, according to the Behavioral Risk Factor Surveillance System from selected states in the 2008-2009 season. Additionally, estimated seasonal influenza vaccination coverage (and 95% confidence intervals [CIs] ) varied by race/ethnicity as follows: non-Hispanic white 69.0% (95% CI 67.1, 70.9), non-Hispanic black 56.3% (95% CI 45.0, 66.9), Hispanic 65.8% (95% CI 53.1, 76.6), and other 58.4% (95% CI 46.4, 69.5). 4 In fact, racial/ethnic disparities in adult influenza immunization rates have persisted for many years. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] One overarching goal of Healthy People 2010 was to eliminate health disparities 15 and, within the focus area of immunization and infectious diseases, to increase to 90% the overall proportion of seniors who are vaccinated annually against influenza. 16 To achieve these national goals by 2020, significant enhancements in local immunization delivery systems will be required.
Although several prior projects in Monroe County, New York, such as the Medicare Influenza Vaccination Demonstration, successfully increased adult influenza vaccine coverage rates in individual practices and across the community, 17, 18 large racial disparities persisted. For example, in 2002, only 38% of the county's African American seniors received influenza vaccination compared with 71% of white seniors. 19 This disparity in rates of vaccination mirrors the patterns found in national and state data.
The Task Force on Community Preventive Services 20 (hereafter referred to as "Task Force") disseminated broad categories of evidence-based strategies to improve immunization coverage in communities. These strategies included increasing community demand for vaccinations, enhancing access to vaccination services, and implementing provider-or system-based interventions, 21 such as patient reminder/recall and health-care provider prompts about vaccinations. [22] [23] [24] [25] The Task Force recommended combination strategies, including interventions from more than one of the aforementioned categories. Most studies of immunization strategies have used single interventions and applied the interventions in single practices rather than across a community or network of practices. [26] [27] [28] To achieve public health goals of raising immunization rates and eliminating disparities across an entire community, it is important to evaluate the effectiveness of interventions across multiple and diverse practice settings, particularly those that serve vulnerable populations.
The Racial and Ethnic Adult Disparities in Immunization Initiative (READII) was a two-year project conducted in five U.S. communities to demonstrate promising strategies to increase vaccination rates for African American and Hispanic seniors. 29 In Rochester, New York (population 220,000 within Monroe County's total population of 735,000), the READII team developed a two-part program: (1) a community action plan that included a broad-based communication campaign implemented through community organizations along with enhanced vaccine delivery through nontraditional venues, and (2) a practicebased intervention in multiple community health centers and hospital clinics. To study the effectiveness of the latter part of the program, we designed and implemented a randomized controlled trial of this intervention, which involved a stepwise combination of patient tracking and reminder/recall/outreach as well as provider reminders. This combination strategy has been found to improve childhood vaccination rates 30 and to reduce community racial/ethnic disparities when implemented across multiple inner-city practices that serve minority children. 31 This intervention has not been applied previously to adults across multiple practice settings.
The specific study objectives were to evaluate, in a population of seniors served by urban primary care centers (PCCs), the effect of the practice-based intervention on (1) influenza immunization rates and (2) disparities in vaccination rates by race/ethnicity and insurance status.
METHODS

Study design
The design was a randomized controlled trial, with individual seniors randomized within PCCs to intervention or standard-of-care control groups.
Participants
The study took place in Rochester, which, according to the U.S. Census Bureau's 2005-2009 American Community Survey 5-Year Estimates, 32 comprised 208,001 people. Respondents reported their race as the following: 48% white, 41% black or African American, 8% another single race, or 3% more than two races. Hispanic or Latino of any race comprised 14% of the population. Nine percent of people were aged $65 years. The percapita income for the city (in 2008 inflation-adjusted dollars) was $17,876; per-capita income overall in the U.S. was $27,466. In the city, 29% of individuals lived below the federal poverty level (FPL); for the U.S. overall, 13% of the population was below the FPL. We identified seven large urban PCCs in Rochester that together serve a high proportion of the city's African American and Hispanic seniors and approached the medical director of each PCC for participation. All but one agreed to participate, including four neighborhood health centers (two internal medicine and two family medicine), one internal medicine hospital clinic, and one hospital-associated internal medicine-pediatric practice. All active patients of participating PCCs who were aged $65 years and residents of New York were eligible for randomization. The PCCs' definitions of an "active" patient varied, but all included at least one visit in the previous two to five years. Patients who had received influenza immunization earlier within the influenza vaccination season, before our influenza intervention began, were not eligible. 
Recruitment
Sample size
Within participating PCCs, all eligible patients were enrolled. Sample size calculations determined that a sample of 170 patients per study group would be sufficient to demonstrate a clinically meaningful 15% difference in vaccination rates (with control rates of 50%, p,0.05, power of 0.8 and a two-tailed test) with study subjects compared with standard-of-care controls. However, because this study was part of a broader community project, and we were interested in evaluating the intervention in multiple sites and across racial/ ethnic and insurance subgroups, we enrolled many more subjects than the sample size calculation would have required.
Randomization and blinding
All patient names and demographic variables were downloaded from the PCCs' patient information systems into the study site-specific database. Within each PCC, patients were automatically assigned to the intervention group if the last digit of their Social Security number was odd and to the control group if the number was even. 33 Use of patient reminders/recall precluded blinding of either patients or outreach workers, and use of provider prompts precluded blinding PCC staff. Because outreach workers conducted the patient tracking/reminder/recall/outreach intervention, the health-care providers tended to be unaware of group assignment for an individual patient except during health-care visits if the patient chart included a provider prompt.
Outcomes and data collection
After the study intervention period, an outreach worker reviewed each patient's medical record for influenza immunization status, for both intervention and control groups. Patient age, race/ethnicity, gender, and insurance status were obtained from the PCCs' information technology systems. Quality assurance checks were performed to ensure accuracy of chart reviews, and these demonstrated extremely high accuracy.
Interventions
The standard of care for this study was defined as each office's routine. Only one office reported sending patients any form of notification regarding influenza vaccination. In the preliminary office meetings, most providers indicated they did not have systems in place to remind them to evaluate immunization records during preventive, acute, or chronic follow-up visits. The standard of care in these offices reflected care typical of many primary care practices. 34 For the READII intervention, four full-time peer outreach workers and a supervising social worker were trained in abstraction of vaccination records, human service and social work areas pertinent to the intervention, and use of the study database, which resembled an immunization registry. Each worked at more than one PCC, but each PCC had an identifiable primary outreach worker. The investigators recruited and supervised the outreach staff, who did not contribute to routine primary care tasks at the PCCs. Patients in the control group received routine care as per the PCCs' protocols. The intervention group received a staged intervention of patient tracking, provider reminders, patient recall, and outreach to patients, as detailed in the following sections.
Patient tracking. Outreach workers identified eligible patients from PCC databases and tracked their immunization status by reviewing medical records and entering the data manually into the study database. Each outreach worker was responsible for tracking approximately 900 to 1,000 eligible patients.
Provider reminders. As medical charts were reviewed, the charts of all patients in the intervention group were flagged with a full-page, brightly colored sheet reading, "REMEMBER! This patient needs influenza vaccine." The reminder form included a field for providers to indicate vaccine administration or, if not given, the reason it was not given (e.g., a contraindication, patient refusal, provider forgot, no vaccine available, or vaccine received elsewhere).
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Patient reminders and recall. Outreach workers mailed influenza immunization reminders to intervention patients. The format (letter or card) and wording of the study reminder was chosen by each PCC and, in each case, the reminder was clearly identified as having come from the PCC. One participating PCC declined this portion of the intervention because influenza vaccination reminders were already part of its standard of care.
Outreach to patients. Outreach workers telephoned patients who had no routine appointment scheduled during the three-month flu-vaccine period and asked them to make an appointment. If the patient did not make an appointment within two weeks, the worker called again. The intervals for written and phone communication to patients were logged in the work-flow part of the READII database, so that each staff member had a new list of daily tasks needed to complete outreach to all eligible patients.
The goals of the calls were (1) to motivate patients to be vaccinated against influenza; (2) to motivate patients to discuss with their medical provider their concerns, values, and ambivalence about getting vaccinated; and (3) to make patients who refused vaccine feel respected and accepted. The approach was patientcentered 36 and characterized by partnership building, empathy, and interpersonal sensitivity. Office visits were encouraged as a means to increase patient knowledge, address concerns, and clarify perceptions of health care. Transportation assistance (e.g., bus tokens and Medicaid taxis) was offered to patients who needed it. Although homebound patients could be vaccinated through preexisting visiting nurse services, only one patient was vaccinated at home through the study.
Participant flow
A total of 3,752 eligible subjects were randomized to intervention or control arms. Seven (0.35%) of the control subjects were mistakenly contacted by telephone or mail; all patients in the intervention group received at least the tracking part of the intervention. All subjects were included in intention-to-treat analyses. No subject was lost to follow-up; at the study's end, all subjects were assessed for vaccination status based on their medical record. Patients who died during the study period were analyzed as randomized. Only three of the 2,755 patients who met the inclusion criteria had already received influenza vaccine before the intervention began, and these patients were excluded from the study.
Statistical methods
For eligible patients, we used Chi-square tests to compare the control and intervention groups on gender, race/ethnicity, and insurance status; a Kruskal-Wallis test was used to compare the two groups with respect to age. Chi-square tests were used to compare the proportions of study participants in the intervention vs. control groups who were vaccinated by the end of the study and to test for immunization disparities by race/ ethnicity and insurance within the intervention group. Logistic regression models were used to estimate the size of the effect of the intervention, both an unadjusted model and a model adjusting for age, gender, race/ethnicity, insurance status, and site. Chi-square tests and Fisher's exact tests were used to examine refusal rates in the intervention group.
Ethics
The Research Subjects Review Board of the University of Rochester and the human subjects review boards of each participating PCC approved this study in 2002 with a waiver of individual patient consent. The intervention was extended to all control subjects in the year after the study was completed (2004).
RESULTS
Baseline data
The number of patients (denominator) in the control group was 2,004 and in the intervention group was 1,748, as dictated by the intention-to-treat analysis. Of these 3,752 eligible subjects, 62% were female and the mean age was 74.2 years (standard deviation [SD] 5 7.2). As recorded by the PCC, 50% were white, 33% were African American, 10% were Hispanic, and 7% were other race/ethnicity. Eighty-five percent of subjects in both groups were covered by Medicare and 5% were covered by Medicaid, but not Medicare. The rest were covered by commercial insurance (5%) or had no insurance coverage (5%).
The intervention group had significantly more subjects covered by Medicare (p,0.0001) and a higher proportion of males (p50.004) compared with the control group. There were no significant differences in race/ethnicity between the groups (Table 1) . Table 2 shows the number and percentage of subjects with documented vaccination against influenza in the intervention and control groups during the study period. A significantly higher proportion of intervention group subjects than control group subjects (64% vs. 22%) were vaccinated. An unadjusted logistic regression analysis showed that patients in the intervention group were more than six times as likely to be vaccinated than patients in the control group ( (Table 2) .
Vaccination outcomes
Although the rates of immunization for all subgroups of the intervention group were much higher than those of the control group, racial/ethnic disparities were not eliminated within the intervention group. Considering only the intervention group, Table 2 illustrates that disparities in immunization rates by race/ ethnicity (p,0.0001) and insurance (p50.0005) were not overcome in the single influenza season intervention period. In particular, Hispanic seniors had the lowest rate of immunization.
Patient report of having recently received influenza vaccine at a public site was recorded as evidence of vaccination; however, this occurred for only 3.9% of intervention subjects and 1.8% of control subjects.
Ancillary analyses
Three percent of the 1,748 subjects in the intervention group refused vaccination. Females were significantly more likely to refuse vaccination than males (3.7% vs. 1.9%, p50.0236). Although African American and white seniors appeared to have higher refusal rates than Hispanic seniors and those of other races/ethnicities (African American 3.5%, white 3.2%, Hispanic 0.6%, and other races 1.7%), these differences were not statistically significant (p50.18) (data not shown). (17) 210 (12) a The percentages shown are based on the number of patients for whom the clinical record had the information. Because of missing data (e.g., gender or insurer) in some patients' clinical records, totals are not consistent.
b Includes those with Medicaid only, commercial insurance, or no insurance.
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DISCUSSION
In this study, a system-level intervention proved to be highly effective in increasing influenza vaccination rates across a large population of urban seniors. Seniors in the intervention group from a variety of health-care centers were six times as likely to receive influenza vaccine than those in the control group who received the standard of care; however, there was considerable variation in the success of the intervention, with one site achieving an influenza vaccination rate of .80% and two sites achieving vaccination rates of only 40%-50%. As a randomized controlled trial, our study extends published evidence of the effect of patient reminder/ recall 37 and provider prompts in individual practices and suggests that this program can be effective when implemented in a variety of community health-care sites serving diverse adult populations.
It is important to note that all practices were urban sites primarily serving impoverished seniors, with many racial/ethnic minority patients. The fact that the control group influenza immunization rates were substantially lower than national averages for minority seniors testifies to the acute vulnerability of the study population. Many of the PCCs had substantial financial challenges as they served a vulnerable population, yet the intervention was effective in each PCC. Although the intervention was not differentially applied to racial/ ethnic minority patients within practices, because the participating practices served a high percentage of the county's minority patients, it is possible that application of this intervention could lead to a decrease in countywide racial/ethnic disparities in vaccination rates. Even though racial/ethnic disparities in immunization rates were not completely eliminated within the intervention group, they were substantially narrower than the 33-point difference measured in a community-wide study in 2002. 19 Fiscella and Holt have shown that, in age-adjusted analyses, minority groups had statistically lower rates of claims for several preventive measure procedures, including influenza vaccination. After controlling for number of primary care visits, low income, low education level, supplementary insurance, health status, and year, minority status remained significantly associated only with colorectal cancer screening and influenza vaccinations (OR50.56; 95% CI 0.49, 0.64). 38 It has been suggested that disparities are caused, at least in part, by minority seniors tending to refuse influenza vaccinations, 39 but in this study the rate of refusal was low overall and did not differ for African American and white seniors. The low rate of refusal suggests that other factors account for the finding that many seniors still were not vaccinated despite a relatively aggressive intervention. It is known that factors resulting in racial/ethnic disparities in access to health care are complex and multifactorial 40 and that key factors in the receipt of preventive care include system-related barriers, economic barriers, and sociocultural components. 39, 41 Previous studies have shown that patient navigation-a process by which an individual guides patients with health-related problems through barriers in the complex care system-can decrease racial/ethnic disparities in cancer care. 42 Other studies have demonstrated that office-based multi-method interventions in inner-city practices can increase childhood immunization rates. 31, 43 The findings in this study of adult influenza immunization were more striking, possibly b Absolute numbers are not included to maintain the confidentiality of study participants and the anonymity of the primary care centers; thus, only percentages are reported.
because the baseline immunization rate tended to be lower in adults than in children. Local anecdotal reports that both healthy and frail seniors attending health fairs ignored influenza vaccination promotion messages from the health department or insurers because "they don't know me" led us to believe that the READII Rochester messages should come directly from seniors' own health-care centers. The personnel calling the seniors asked about barriers to receipt of the vaccination and had backup from social workers who could help obtain services to overcome many commonly identified barriers. Feedback received from patients regarding the influenza vaccination reminder calls included statements of appreciation for caring about their health. The intervention also was designed to be palatable to healthcare professionals. Supervision of the study personnel was centralized, minimizing effort on the part of the PCCs, but the centers could alter follow-up protocols to reflect their needs.
Limitations
Our study had limitations both in terms of internal validity and generalizability. Despite randomization, the intervention group had a higher proportion of males and patients covered by Medicare than the control group. This may be because, prior to the late 1960s, Social Security numbers were not distributed centrally, but by local offices that used different rules. For example, some offices gave odd numbers only to people who worked in the documented economy (as opposed to those who are unpaid, barter, or whose income goes unreported). However, our multivariate analysis controlled for these factors, preventing weakening of the internal validity of the study.
The effect of provider reminders placed on charts of patients in the intervention group as well as the knowledge about the study may have prompted greater vaccination of control subjects than would otherwise have occurred, leading to an underestimate of the intervention effect (i.e., a conservative bias). Conversely, although providers understood that not all patients due for vaccination would have the point-of-care prompt, in some instances providers may have been less likely to check the patient's immunization record because they assumed that the absence of a reminder indicated prior vaccination. However, in the preliminary office meetings, most providers indicated they did not routinely evaluate immunization records during preventive, acute, or chronic follow-up visits.
Despite study team efforts, some data regarding influenza vaccinations given in public clinics were not available. However, this inaccuracy would be likely to be the same in both groups.
An important limitation was our inability to distinguish the relative impact of different parts of the multi-component intervention. Specifically, we could not distinguish the impact of provider prompts from patient reminders. The Task Force on Community Preventive Services recognized that such multifaceted interventions present a challenge in evaluation of subcomponents. 20 Increasingly in the quality improvement field, multipart interventions are recommended. 44, 45 Generalizability Because the intervention was carried out in a variety of inner-city health-care settings, it may be generalizable to similar practice settings. The study reports on only one year of intervention. Repetition could make this quality improvement program either more successful, as the strategies became integrated as the standard of care, or less successful, as attention shifts to other pressures of practice. 46, 47 Similarly, this centrally supervised program may not be generalizable to an intervention supervised by individual health-care centers. A health-care centerbased program may be more enthusiastically embraced and integrated, but alternatively could be more easily diluted and diverted by the pressures of primary care practice. Although our intervention included central supervision, the outreach workers were integrated into the PCCs and were perceived by the patients and providers to be part of the PCCs. Influenza vaccine shortages and delays, of course, would be likely to result in lower overall vaccination coverage.
CONCLUSIONS
A combined intervention of patient tracking, recall, and outreach as well as provider reminders in a group of inner-city primary care offices substantially increased influenza immunization rates among seniors, compared with standard-of-care control subjects.
The implications for vaccine policy makers are that (1) this multifaceted intervention involving components that have worked in individual practices can be successfully applied on a community-wide level, even in urban practices with varying characteristics; (2) it may be difficult to achieve rates of more than 60%-70% influenza vaccination coverage in primary care settings even with this very intensive strategy; (3) a large-scale intervention aimed at urban practices may decrease county-wide disparities by increasing immunization rates among urban populations comprising a disproportionate number of minority individuals; and (4) this model, which is closely related to patient navigation, may be applicable to increasing rates of other preventive health services in urban practices. To sustain such a community-based program, additional external resources may be needed to support interventions to help busy urban primary care practices increase influenza immunization rates. The findings and conclusions presented in this article are those of the authors and do not necessarily represent the views of CDC.
